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DEVICE AND METHOD OF BYPASSING KILN EXHAUST GAS 



(57) An apparatus and a method for bypassing kiln 
exhaust gas according to the present invention, wherein 
part of exhaust gas generated by the operation of a kiln 
11 is extracted through a probe 13, mixed with cooling 
air from a cooling fan 20 to be subjected to a primary 
cooling to a temperature of 400 to 600°C, mixed with 
cooling air from a cooling fan 21 with a first cooler 14 to 
be subjected to a secondary cooling to a temperature of 



300 to 400°C and separated into coarse powder and 
fine powder with a cyclone 15, the coarse powder is 
returned to the kiln system, the exhaust gas containing 
fine powder is finally cooled to a temperature of 1 00 to 
200°C with cooling air from a cooling fan 22 in a second 
cooler 16, and fine powder dust is collected with a dust 
collector 17. 



FIG. 1 
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Description 

Technical Field 

5 [0001] The present invention relates to an apparatus and a method for bypassing kiln exhaust gas and, more par- 
ticularly, to an apparatus and a method for extracting part of exhaust gas from a kiln using a double pipe-structured 
probe, cooling and processing it. 

Background Art 

10 

[0002] For example, a volatile component such as chlorine derived from a raw material and fuel for the production 
of cement is concentrated by circulation in a kiln preheater system and prevents the stable operation of a kiln. Then, as 
means of removing this volatile component from the kiln preheater system, there is known a method of extracting part 
of the kiln exhaust gas where the volatile component is concentrated in a high concentration to the outside of a system 

15 by a bypass. This kiln exhaust gas bypassing system is shown in Fig. 4. Part of exhaust gas of a kiln 1 is extracted and 
cooled with a probe 2. Since chlorine is particularly contained in fine powder out of dust generated by cooling, dust is 
separated into coarse powder and fine powder by a separator 3 with a particle size of 5 to 10 \im as a cut-off size, the 
coarse powder is returned into the kiln system, exhaust gas containing the separated fine powder is cooled by a cooler 
4, and the fine powder is collected by a dust collector 5. The collected fine powder having a high chlorine content is 

20 stored in a dust tank 6, added to cement or processed outside the system. 

[0003] A double pipe-structured probe is used as the probe 2 for extracting exhaust gas from the kiln 1 . Extracted 
gas is cooled with cooling air from a cooling fan 7 to 600 to 700°C or less which is the melting point of a chorine com- 
pound, generally 300 to 400°C in consideration of temperature conditions for the separator 3 and devices thereafter in 
the later steps. Further, in consideration of the temperature condition for the dust collector 5 in the later step, the 

25 extracted gas is cooled to a temperature of 1 00 to 200°C with cooling air from a cooling fan 8 in the cooler 4. 

[0004] However, when an attempt is made to increase the amount of exhaust gas extracted from the kiln 1 , that is, 
bypassing ratio, so as to raise the amount of a volatile component removed, the diameter of the probe 2 must be 
increased, with the result that there arises a problem in that its installation space can not be ensured. 
[0005] Since the mixing performance of the extracted exhaust gas and cooling air is reduced by increasing the 

30 diameter of the probe 2, it becomes difficult to cool the exhaust gas to a predetermined temperature, resulting in a prob- 
lem in that the removing efficiency of a volatile component is deteriorated. 

Disclosure of the Invention 

35 [0006] It is an object of the present invention to provide an apparatus and a method for bypassing kiln exhaust gas 
which can solve the above problems associated with the prior art, and which can cool extracted exhaust gas to a pre- 
determined temperature and process it easily, even if the amount of exhaust gas extracted from a kiln is increased 
(increasing bypassing ratio) so as to increase the amount of a volatile component to be removed. 
[0007] The apparatus for bypassing kiln exhaust gas according to the present invention comprises a double pipe- 

40 structured probe for extracting part of exhaust gas from a kiln while primary-cooling it to a temperature of 400 to 600°C, 
a first cooler for secondary-cooling the exhaust gas extracted and cooled with the probe to a temperature of 300 to 
400°C, a separator for separating the dust in the exhaust gas secondary-cooled with the first cooler into coarse powder 
and fine powder and returning the coarse powder into the kiln system, a second cooler for finally cooling the exhaust 
gas containing fine powder separated with the separator to a temperature of 1 00 to 200°C, and a dust collector for col- 

45 lecting the fine powder from the exhaust gas cooled with the second cooler. 

[0008] The method for bypassing kiln exhaust gas according to the present invention comprises extracting part of 
exhaust gas from a kiln while primary-cooling it to a temperature of 400 to 600°C with a double pipe-structured probe, 
secondary-cooling the exhaust gas extracted and cooled to a temperature of 300 to 400°C, separating the exhaust gas 
secondary-cooled into coarse powder and fine powder, and returning the coarse powder into the kiln system while 

so finally cooling the exhaust gas containing fine powder to a temperature of 100 to 200°C and thereafter collecting the 
fine powder from the exhaust gas. 

[0009] Part of the exhaust gas from the kiln can be extracted at a rate of 20 to 80 m/s together with air for the pri- 
mary cooling. 
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Brief Description of the Drawings 
[0010] 

5 Fig. 1 is a flowchart of an apparatus for bypassing kiln exhaust gas according to an embodiment of the present 

invention; 

Fig. 2 is a schematic perspective view showing a probe used in the embodiment; 
Fig. 3 is a sectional view showing part of the probe used in the embodiment; 
Fig. 4 is a flowchart of an apparatus for bypassing kiln exhaust gas of the prior art; 
10 Fig. 5 is a diagram showing the calculation results of exhaust gas cooling performance with respect to various gas 

suction rates in an inner cylinder, with the abscissa being distance from the tip of a probe; and 
Fig. 6 is a diagram showing the calculation results of exhaust gas cooling performance with respect to various gas 
suction rates in the inner cylinder, with the abscissa being gas retention time. 

15 Best Mode for carrying out the Invention 

[0011] An embodiment of the present invention will be described hereinafter with reference to the accompanying 
drawings. 

[0012] Fig. 1 is a flow diagram of an apparatus for bypassing kiln exhaust gas according to the embodiment of the 
20 present invention. The tip of a probe 13 for extracting part of exhaust gas is inserted into a preheater 12 connected to 
a kiln 1 1 . The probe 1 3 is connected to a cyclone 1 5 as a separator through a first cooler 1 4. Further, the cyclone 1 5 is 
connected to a dust collector 17 through a second cooler 16. The dust collector 17 is connected to a suction fan 18 and 
a dust tank 19. The probe 13, the first cooler 14 and the second cooler 16 are connected to cooling fans 20 to 22, 
respectively. 

25 [001 3] A double pipe-structured probe as disclosed by the present applicant in Japanese Patent Laid-open No. 09- 
192825 can be used as the probe 13. As shown in Figs. 2 and 3, this probe 13 has an inner cylinder 23 and an outer 
cylinder 24, cooling air supplied from the cooling fan 20 is supplied to the tip of the probe 13 through a cylindrical flow 
passage formed between the inner cylinder 23 and the outer cylinder 24, and part of exhaust gas from the kiln 1 1 is 
mixed with the cooling air to be cooled and extracted through the inner cylinder 23. 

30 [0014] A description is subsequently given of the operation of this embodiment. Part of the exhaust gas generated 
by the operation of the kiln 11 is first extracted from the inner cylinder 23 of the probe 1 3 by driving the suction fan 1 8. 
At this point, cooling air is supplied into the flow passage between the inner cylinder 23 and the outer cylinder 24 from 
the cooling fan 20, the exhaust gas is mixed with the cooling air at the tip of the probe 1 3 and primary-cooled to a tem- 
perature of 400 to 600°C. The extracted and cooled exhaust gas enters the first cooler 14, is mixed with cooling air from 

35 the cooling fan 21 to be secondary-cooled to a temperature of 300 to 400°C, and then enters the cyclone 1 5. Dust con- 
tained in the exhaust gas is separated by the cyclone 1 5 into coarse powder and fine powder with a particle size of 5 to 
10 |um of a cut-off size, and the coarse powder is returned into the kiln system. Meanwhile, the exhaust gas containing 
separated fine powder is finally cooled to a temperature of 100 to 200°C through heat exchange with cooling air from 
the cooling fan 22 in the second cooler 1 6 and enters the dust collector 1 7. In the dust collector 1 7, the fine powder dust 

40 is collected and stored in the dust tank 1 9. This fine powder dust has a high content of chlorine and is added to cement 
or processed outside the system. 

[0015] In the present invention, the first cooler 14 is installed after the double pipe-structured probe 13, extracted 
gas subjected to the primary cooling with the probe is subjected to the secondary cooling with the first cooler 14 and 
supplied to the cyclone 15, and the outlet temperature of the probe 13 can be set to a temperature of 400 to 600°C 
45 which is higher than that of the prior art. Further, since the gas suction rate of the inner cylinder 23 of the probe 1 3 is 
set to 20 to 80 m/s which is higher than that of the prior art, even when the double pipe-structured probe 13 as big as 
that of the prior art is used, the amount of exhaust gas extracted from the kiln 11, that is, bypassing ratio can be 
increased. 

[0016] Experiments on the extraction and processing of exhaust gas from a cement kiln in operation were con- 
50 ducted using the system of the prior art shown in Fig. 4 and the system of the present invention while actually employing 
the same double pipe-structured probe. The probe had an inner cylinder of 610 mm in inner diameter and an outer cyl- 
inder of 778 mm in inner diameter. The results of the experiments are shown in Table 1 . 
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[0017] As shown in Table 1 , in the system of the present invention, the primary cooling temperature at the outlet of 
the probe was increased from 385°C of the prior art system to 455°C by almost doubling the gas flow rate of the inner 

15 cylinder of the probe from 1 6 m/s of the prior art system to 31 m/s and the gas flow rate of the outer cylinder from 1 0 
m/s of the prior art system to 15 m/s which was 1 .5 times that of the prior art system. By making up for a reduction in 
the amount of the primary cooling air with the secondary cooling air in the second cooler, the ratio of bypassing gas 
(extracted gas) to the total amount of cooling air was adjusted to 1 :3 which was the same as in the prior art. As the result 
of the experiments, bypassing gas could be extracted in an amount 2.7 times that of the prior art system using the same 

20 probe. The operation condition of the present invention system was stable as in the prior art system, the bypassing dust 
(fine powder dust) collected by the dust collector showed almost the same concentration of chlorine as the dust of the 
prior art system, and the amount of dust increased almost in proportion to the amount of bypassing gas. Therefore, it 
was found that the same chlorine removing efficiency as that of the prior art system was obtained. 
[0018] In the above embodiment, the cyclone 15 was used as a separator. The present invention is not limited to 

25 the cyclone and any device may be used if it has the same separation efficiency. 

[0019] A cooler for cooling exhaust gas by mixing it with cooling air from the cooling fan 21 is used as the first cooler 
14. The present invention is not limited to this cooler and an indirect cooler that exchanges heat between cooling air 
and exhaust gas may be used. Similarly, an indirect cooler is used as the second cooler 16 but a cooler for cooling 
exhaust gas by mixing it with cooling air like the first cooler 14 may be used. 

30 [0020] Further, the results of the gas suction rate in the inner cylinder (suction rate of the total amount of kiln 
exhaust gas extracted and primary cooling air) and exhaust gas cooling performance calculated by computer simulation 
are shown in Fig. 5 and Fig. 6. Fig. 5 is a diagram showing the comparison results of cooling performance with the 
abscissa being distance from the tip of a probe. In Fig. 5, when the gas suction rate in the inner cylinder is 80 m/s at a 
distance from the tip of the probe of 0.5 to 5 m, a slight cooling delay is observed but not a level that causes a problem. 

35 Fig. 6 is a diagram showing the comparison results of cooling performance, with the abscissa being gas retention time. 
In Fig. 6, as the gas suction rate in the inner cylinder increases the cooling rate improves more. As is understood from 
these results, it is confirmed that the same cooling performance can be obtained at a gas suction rate in the inner cyl- 
inder of 20 to 80 m/s. 

[0021] As having been described above, in the bypassing apparatus and method for removing a volatile component 
40 such as chlorine from a kiln preheater, a temperature condition (300 to 400°C) which is required for a separator for sep- 
arating coarse powder and fine powder and devices after the separator is ensured at the outlet of the probe only by 
introducing cooling air into the double pipe-structured probe in the prior art whereas a new cooler is provided between 
the probe and the separator to carry out double-stage cooling and a temperature condition (300 to 400°C) required for 
the separator and devices after the separator is ensured at the outlet of the cooler in the present invention. Thereby, the 
45 temperature of the outlet of the probe can be set higher (400 to 600°C) than that of the prior art and the amount of cool- 
ing air introduced into the probe is relatively reduced. Therefore, when the amount of exhaust gas extracted from the 
kiln and the gas suction rates in the inner cylinder and the outer cylinder of the probe are fixed, the diameter of the probe 
can be reduced. Also, by increasing the gas suction rate in the inner cylinder, the diameter of the probe can be further 
reduced. Consequently, even when the amount of exhaust gas extracted from the kiln, that is, bypassing ratio is 
so increased so as to increase the amount of a volatile component removed, the removal of a volatile component such as 
chlorine can be carried out efficiently without increasing the diameter of the probe excessively or without deteriorating 
the mixing performance of extracted exhaust gas and cooling air. 

Claims 

55 

1. An apparatus for bypassing kiln exhaust gas comprising: 

a double pipe-structured probe for extracting part of exhaust gas from a kiln while primary-cooling it to a tem- 
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perature of 400 to 600°C; 

a first cooler for secondary-cooling the exhaust gas extracted and cooled with said probe to a temperature of 
300 to 400°C; 

a separator for separating the exhaust gas secondary-cooled with said first cooler into coarse powder and fine 
powder and returning the coarse powder into a kiln sytem; 

a second cooler for finally cooling the exhaust gas containing fine powder separated with said separator to a 
temperature of 1 00 to 200°C; and 

a dust collector for collecting the fine powder from the exhaust gas cooled with said second cooler. 

The apparatus for bypassing kiln exhaust gas of claim 1 wherein said probe extracts part of exhaust gas from the 
kiln at a rate of 20 to 80 m/s together with air for the primary cooling. 



A method for bypassing kiln exhaust gas comprising the steps of: 



extracting part of exhaust gas from a kiln while primary-cooling it to a temperature of 400 to 600°C with a dou- 
ble pipe-structured probe; 

secondary-cooling the exhaust gas extracted and cooled to a temperature of 300 to 400°C; 

separating the exhaust gas secondary-cooled into coarse powder and fine powder; and 

returning the coarse powder into a kiln system while finally cooling the exhaust gas containing fine powder to 

a temperature of 1 00 to 200°C and thereafter collecting the fine powder from the exhaust gas. 

The method for bypassing kiln exhaust gas of claim 3 wherein part of exhaust gas from the kiln is extracted at a rate 
of 20 to 80 m/s together with air for the primary cooling. 
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FIG. 2 
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FIG. 5 
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